This paper studies for the two major Iberian economies, Portugal and Spain, whether they pursue sustainable debt policies based on Bohn (1998)'s idea of a scal response mechanism. After presentation and discussion of theoretical reections on the governmental budget, the empirical estimations are implemented with splines and panel regression. By accounting for time-varying coecients it is possible to detect how the scal response has been modied or developed over time.
Introduction
Europe -and many other parts of the world -has been hit hard by the nancial and debt crisis and for over four years now the economic downswing with high unemployment, persistent budget decits and rising public debt ratios troubles the aected economies.
This concerns central European countries, like Germany and France, but also economies on the periphery, like Portugal, Ireland, Italy or Spain. The situation is especially severe in Greece: faced with huge decits and imminent nancial problems, a rst 'rescue program' was organized for the Greek economy in spring 2010. It was nanced mainly bilateral, including also IMF support, and covered 110 billion Euros.
1 Aware of the se- In fact the Iberian Peninsula consists of the four states of Andorra, Gibraltar (British territory), Portugal and Spain -however, the focus of this analysis is set on the two main A good impression of the recent economic situation and evolution -concerning the public nance perspective -can be gained by studying the interest rate spread development of Portugal and Spain. Here, the dierence is based on calculations of the long-run government bond yield of the two Iberian economies compared to Germany. Obviously, both economies proted from the proceeding European integration, both entered the EU in 1986, and the preparation of a common currency, with enforced sound for the Iberian economies. 2 Theoretical background From a traditional public nance perspective a government usually decides on its public responsibilities -normally in a democratic way -which provides knowledge about the (expected) expenditures that come along with fullling them. Then, the administration has the duty to raise revenues in order to nance these disbursements. 6 This signies, however, that any government has to obey a central economic concept: balancing budgets.
Therefore, in order to nance the primary expenditures, G, the government has to generate taxes, T , of (at least) the same amount. In case the latter are not suciently high enough, the government may issue bonds, B, with the purpose to ll the liquidity gap (i.e. decits, DEF ), this however also means that, once the country is a debtor, a new type of expenditures must be taken into account: interest payments, rB. Thus, the governmental budget can be expressed by the subsequent equation:
with t indicating time and the primary surplus, S, consists of S(t) = T (t) − G(t). The solution of equation (1) -in present value terms -leads to the following two central conditions concerning public debt sustainability:
The rst part of (2), the present value borrowing constraint, expresses that the present value of upcoming primary surpluses must be equal to the initially existing amount of public debt. i.e. in t = 0. Strictly speaking it's expected primary surplus values. The second condition in (2), the No-Ponzi-Game condition, signies that asymptotically the present value of public debt must converge to zero. A governmental debt policy that fulls these requirements can be considered sustainable, cf. also Greiner et al. (2007, p. 197) . Now, taking Bohn (1998)'s idea into account, which principally states that the primary surplus to GDP (s) ratio is in a way determined by the debt to GDP ratio (b), gives:
Even though recent studies indicate that there is empirical evidence that the revenue volume may determine the spending, see for instance Afonso and Jalles (2012). 7 Cf. for instance Greiner et al. (2007) for these calculations. The notation refers to continuous and real variables. For a more detailed solution cf. Fincke (2012, ch. 3.1) .
with θ, the parameter of interest, reecting the reaction of the primary surplus ratio to variations in debt ratio and the constant ω expressing all other eects, both θ, ω ∈ R.
Combining Bohn (1998)'s idea with the governmental budget (1) from above, shows that a signicant and positive reaction coecient θ indicates sustainability -under certain conditions, see for instance Greiner et al. (2007) . Further, if equation (1) is expressed in terms of ratios to GDP, Y , such a combination yields:
with γ denoting the GDP growth rate. Solving (4) for the public debt ratio indicates a more precise sustainability measure. Assuming a positive dierence between the interest rate and the economic growth rate, r − γ > 0, here simplied to averages, 9 the public debt ratio will asymptotically only remain bounded, i.e. converge to zero or stay constant for t → ∞, if the reaction coecient θ exceeds the positive average interest rate-growth rate gap, r − γ. For these reections a nite constant upper value for ω is assumed, i.e. |ω| < ∞, which is economically reasonable since it reects (all other) eects on the primary surplus ratio. See Fincke (2012) or Fincke and Greiner (2011) for a more detailed analysis. Thus, the central aspect to test for sustainability addresses θ.
Therefore, in order to assess sustainability a positive reaction coecient is relevant as well as the dierence between the interest rate and the growth rate. But despite the convenience, the approach does not come without shortages. For instance, there is a natural limit to Bohn (1998)'s reaction mechanism: since S is nanced out of GDP, s cannot be increased without limit. Once that level has been reached the response test may not work anymore, see Fincke and Greiner (2011) for a profound argumentation.
Finally, temporarily a country may well pursue a sustainable scal policy despite a rising debt ratio, this simply indicates that the positive reaction has not been strong enough to stabilize the debt ratio. Certainly, sooner or later the debt ratio should stabilize.
Nevertheless, Bohn's approach is a strong test and used in the following section to study whether the Portuguese and Spanish economies implemented a sustainable scal policy.
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For Iberia this assumption is also empirically reasonable as outlined in chapter 3.
Empirics
In order to assess scal sustainability according to Bohn (1998) 's approach, i.e. the relationship between the primary surplus ratio and the public debt ratio, rst, the relevant assumptions have to be checked and some explanations on the dataset provide insight on the data structure. Then, a short introduction to the estimation technique is given in section 3.1 and, nally, in section 3.2 presents the test results.
Regarding the essential assumption on the interest rate and growth rate gap, the following Accordingly, this dierence is at least positive on average from the middle of the 1980s onwards. Therefore, the central precondition seems to be fullled empirically and the approach is applicable to the Portuguese and Spanish scal policy situation.
The dataset is mainly based on OECD (2013). Regarding the demarcation of the public sector the general government classication is used here, meaning all subordinated administrative levels and the social security system are included. Public debt is measured as gross nancial liabilities, not taking assets into account. Only for the long run interest rate International Monetary Fund (2013)'s data, i.e. bond yields, are used, which are also the basis for the spread or gap calculation in order to capture the volatility and reect the dynamics of European integration and the crisis development. All data are measured in annual frequency.
The next section briey introduces the methodology of spline estimation and the merits of time-varying coecients. Applied to the research questions of this paper, the relationship between the dependent variable, the primary surplus ratio s, and the explanatory variable, public debt ratio b, Concentrating on the Spanish case for illustrative reasons, the subsequent plot 4 presents the central relationship between the primary surplus and debt, both relative to GDP. Apparently, the relationship between the Spanish primary surplus ratio and its debt ratio changes over the years. While there is an increasing pattern in the 1980s and 1990s (enforcing a sound scal position), stabilization can be observed in the 2000s with primary balances around 2.5% and debt ratio values around 55% -before the situation is plummeting due to the crisis.
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Accordingly, an appropriate regression equation to capture this type of relationship is:
with for the errors, being i.i.d N (0, σ 2 ). Including additional control variables the full estimation model is described by: with GG expressing the overall outlays of the government.
In order to back up these estimation outcomes, a panel regression using the standard linear model is additionally implemented, which combines time series analysis with cross sectional approaches. Meaning the whole (pooled) data set can be used to study the overall relationship between the Iberian primary surplus ratio and debt ratio. It also allows to control for country specic eects. Needless to say, then, the reaction coecient in (6) becomes θ, while the rest of the model remains unchanged. See for instance Kleiber and Zeileis (2008) for details.
Estimation results
Using the Iberian data to estimate the scal response mechanism according to Bohn (1998) , this chapter will, rst, present the outcome of the spline estimation of equation (6). Subsequently, the panel data analysis result provides additional information.
Regarding the sign of the coecients, a positive reaction coecient is expected for the debt ratio corresponding to the theoretical reections from above. For the business cycle 13
Cf. also Fincke (2012, sec. 4 .1.1) for a similar methodology motivation.
variable Y Gap a positive sign indicates counter-cyclical policy behavior and for the expenditure gap GGap a negative sign can be expected, meaning in times of higher spending than usual, the primary surplus ratio will be aected negatively. Separate estimation of the regression equation (6) for Portugal (1978 ) and Spain (1980 For Portugal, the graph shows a constantly decreasing shape. Economically, this run displays a declining emphasis of the Portuguese government on debt stabilization. Meaning, despite a positive reaction coecient, the lack of the administration's willingness or ability to put more eort on correcting the trend resulted in the increasing debt ratio, which has been illustrated in gure 3. Thus, this development plus facing the crisis nally helps to partially explain Portugal's application for nancial assistance in 2011. crisis. Obviously, the time-varying coecient estimation presents a good approximation of the underlying relationship.
However, the separate estimations included only about 30 observations. For a more robust analysis a panel estimation, which pools the data, has been estimated. The regression can either be conducted 'manually', that is by Dummy variables for instance, or by using a package, for example plm as suggested by Kleiber and Zeileis (2008, ch. 3.6 ). Since accounting for country specic (xed) eects did not render signicant dierences across the two economies, the overall (pooled) model is presented here. .
All in all, the tests suggest scal sustainability for Portugal and Spain despite the rising debt ratios.
Summary
The analysis of this paper has studied sustainability of public debt according to Bohn (1998)'s scal response mechanism. Accordingly, a scal policy is regarded as sustainable once the primary balance relative to GDP is enhanced in response to increasing debt ratios -like a corrective activity. Subsequently, based on the theoretical background, the concept has been transferred to the empirical methods of spline estimation and panel regression.
Empirically, such a sustainable scal behavior can be observed for both large Iberian economies, Portugal and Spain, based on data for about the last 30 years. This outcome is based on country specic semi-parametric estimations allowing for time-varying parameters and standard panel model estimation. However, the response has not been strong enough to turn the increasing trend of the debt ratio around. This also becomes clear in the development of the reaction (coecient) over time: for both countries the response is languishing, especially severe recently with the proceeding of the crisis. Summing up, as a result the Portuguese and Spanish administration should enhance their eort concerning debt stabilization.
